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ABSTRACT. New records and illustrations are pro- 
vided for three diplopod species from Crimean caves: 
Caucasodesmus svetlanae Golovatch et VandenSpie- 
gel, 2015, C. tauricus Golovatch, 2011 and Syrioiulus 
kovali (Golovatch, 2008), comb.n. ex Amblyiulus Sil- 
vestri, 1896. The refined distributions of all five en- 
demic, presumed troglobitic, Crimean millipede spe- 
cies are mapped. The patterns revealed are rooted in 
and accounted for by the geological history, as well as 
the karst geomorphological and biospeleological re- 
gionalization of the Crimean karst. 
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PE3IOME. /[anbi HOBbIe HAXO/IKH H HJIIIOCTDpaHHH 
IIA Tpex BHJIOB JIHIUJIOIIOJ H3 KDBIMCKHX IIentep: 
Caucasodesmus svetlanae Golovatch et VandenSpiegel, 
2015, C. tauricus Golovatch, 2011 u Syrioiulus kovali 
(Golovatch, 2008), comb.n. ex Amblyiulus Silvestri, 
1896. IIpezicragjtega kapra c yTOdHeHHBIM pacripocT- 
paHeHHeM BCex MATH HbIHe H3BeCTHPBIX, IIDe/IIOJIOXH- 
TEJIbHO TpOrJIoOHOHTHBIX BH/IOB /IBYIIADHOHOTHX MHO- 
roHoxek Kppima. Haórmo;raeMbie pacrpejregenus KO- 
PeHATCA B reozoruueckoit ncropud, à Take B KapcTo- 
3ioro-reoMopdo:roruueckoM H OnocrieJeoJorudeckoM 
paitoHHpoBaHHH KpbIMCKOTO KapcrTa. 


The latest review of the millipede fauna of Crimea, 
a prominent peninsula in the Black Sea, listed 18 spe- 
cies from 12 genera, eight families and six orders, 
including five presumably troglobitic species [Golo- 
vatch et al., 2017]. The present contribution provides 
new records and illustrations for three of the caverni- 
coles, as well as a refined map showing the current 
distributions of all five Crimean presumed diplopod 
troglobites. Some geological and biogeographical is- 
sues are also discussed to explain the patterns revealed. 
In addition, one of the species, Amblyiulus kovali Golo- 
vatch, 2008, is newly transferred to the genus Syrioiu- 
lus Verhoeff, 1914, comb.n., following the recently 
proposed refined diagnoses of both Amblyiulus Silves- 
tri, 1896 and Syrioiulus [Golovatch, 2018]. 


Material and methods 


Material serving as the basis for the present contri- 
bution was collected by the first author in several caves 
located in different karsts in the Crimean Peninsula. 
All material is donated to the Zoological Museum, 
State University of Moscow (ZMUM), Russia. The 
samples are stored in 70-75% ethanol. Specimens for 
scanning electron microscopy (SEM) were air-dried, 
mounted on aluminium stubs, coated with gold and 
studied using a JEOL JSM-6480LV scanning electron 
microscope, all performed at Tervuren, Belgium. Pic- 
tures of the live specimens were made with an Olym- 
pus TG-5 digital camera. 
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Fig. 1. SEM micrographs to show structural details of Caucasodesmus svetlanae Golovatch et VandenSpiegel, 2015, C^ from the 
Skelskaya Cave: A, D, G — anterior part of body, lateral, dorsal and ventral views, respectively; B, E, H — midbody segments, lateral, 
dorsal and ventral views, respectively; C, F, I — posterior part of body, lateral, dorsal and ventral views, respectively; J — cross-section of 
a midbody segment, caudal view; K — midbody poriferous paratergum, lateral view; L — texture of tegument, dorsal view; M, N — 
pleurosternal spines, ventral and lateral views, respectively. Scale bars: 0.2 mm (A), 0.1 mm (B-J), 0.05 mm (K), 0.02 mm (L, M), 0.01 
mm (N). 

Puc. 1. SEM-muxporpadun, nokasbrBaroniue crpykrypusie erann crpoeuus Caucasodesmus svetlanae Golovatch et VandenSpiegel, 
2015, C? us Cxenpcxoii nenreppi: A, D, G — nepeguas uacrb reza, coorBercrBenHo COoKy, cBepxy u cuusy; B, E, H — cpejmeryzonuni- 
HbIe CeTMeHTBI, COOTBETCTBEHHO COoKy, cBepxy H cuu3y; C, F, | — 3aqHaa uacrb Tela, coorBercTBeHHO COoKy, cBepxy H cHH3y; J — 
norepeuHbr paspes uepe3 cpe;yreryzoBuniHbi cerMeHT, c3aqM; K — cpeqHeTyNOBHUIHbIM Hecynit nopy mnapareprur, cóoky; L — 
TeKcTypa rrokpoBoB, cBepxy; M, N — mieapocrepnambie nrbi, COOTBeTCTBeHHO cuu3y M cóoky. Macurra6: 0,2 mM (A), 0,1 mm (B-J), 
0,05 mm (K), 0,02 mm (L, M), 0,01 mm (N). 


Caucasodesmus svetlanae — Turbanov et al., 2016: 1292 
(listing); Golovatch ef al., 2017: 106 (listing); Turbanov, 2018b: 
265 (new records, notes on ecology and conservation). 


Taxonomic part 


Caucasodesmus svetlanae Golovatch MATERIAL. 2 99, Crimea, Ai-Petri Karst Massif, Karadag 
: Forest area, Kristalnaya (= Imeni Maksimovicha) Cave, 3.V.2015; 
RE VandenSpiegel, 2015 1 C^, Ai-Petri Karst Massif, Baydarskaya Valley, near Rodnik- 

Figs 1, 2. ovskoe, Skelskaya Cave, 25.IV.2017, all leg. LS. Turbanov. 


REMARKS. The above material repeats the earlier 
Caucasodesmus svetlanae Golovatch et VandenSpiegel, 2015: ^ records of this species from the Kristalnaya (= Imeni Maksi- 
1 (original description). movicha) and Skelskaya caves [Turbanov, 2018b], both of 
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Fig. 2. SEM micrographs to show structural details of the gonopods of Caucasodesmus svetlanae Golovatch et VandenSpiegel, 2015, 
C from the Skelskaya Cave: A, B — both gonopods in situ, ventral and ventrocaudal views, respectively; C, D — left gonopod, ventral and 


mesal views, respectively. Scale bars: 0.1 mm (A, B), 0.05 mm (C, D). 


Puc. 2. SEM-uukporpaduu, nokasbmaronue crpykrypHbre METAM crpoeuus roHonogB Caucasodesmus svetlanae Golovatch et 
VandenSpiegel, 2015, C^ us Cxenpexoii nemepsi: A, B — 06a rononoga Ha MecTe, COOTBeTCTBeHHO CHH3y M OJ/IHOBDeMeHHO CHH3y M 
c3aqu; C, D — JIeBbIÑ ronoriot, cooTBeTCTBeHHO cuuy H “3HyTpH. Macuirraó: 0,1 mm (A, B), 0,05 mm (C, D). 


which lie very close to the Kuznetsova (7 Koryta) Cave, the 
locus typicus [Golovatch, VandenSpiegel, 2015]. All sam- 
ples of C. svetlanae stem from caves (Map) lying within the 
karst erosion blocks of the Karadag Forest area's valley in 
the western part of the Ai-Petri Karst Massif (= Ai-Petri 
Yaila) [Vakhrushev, 2009] which are located in pure, mas- 
sif, upper Tithonian to lower Valangian limestones of Juras- 
sic age [Lysenko, 1964]. 

The new material fully matches the types in morphologi- 
cal details, including the gonopodal conformation (Figs 1, 
2). Superficially, all Crimean Caucasodesmus species look 
very much alike (Fig. 3), the differences lying only in go- 
nopodal structure. 


Caucasodesmus tauricus Golovatch, 2011 
Figs 4, 5. 


Caucasodesmus tauricus Golovatch, 2011: 2 (original descrip- 
tion). 

Caucasodesmus tauricus — Golovatch, VandenSpiegel, 2015: 
6 (key); Turbanov, 2015: 69 (new records, notes on ecology and 
conservation); Turbanov ef al., 2016: 1292 (record, listing); Golo- 
vatch et al., 2017: 106, 110 (listing). 

MATERIAL. 4 C'C^, 1 9, Crimea, Bakhchisaray Distr., NW 
spurs of Ai-Petri Karst Massif, Chaynyi Domik area, Beryu-Teshik 
(= Partizanskaya) Cave, 17.V1I.2017, leg. LS. Turbanov. 

REMARKS. The above material repeats the earlier record 
of this species from the Beryu-Teshik Cave [Turbanov, 2015; 
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Map. Distributions of all five known endemic troglobitic millipedes in the Crimean Peninsula: The species Syrioiulus kovali (yellow 
square): 1 — Mangupskaya I (= MK-1) Cave, 2 — Mamut- Tshokrak Cave, 3 — Skelskaya Cave, 4 — Druzhba Cave, 5 — Avantyura 
Cave. The species Caucasodesmus svetlanae (green circle): 1 — Skelskaya Cave, 2 — Kuznetsova (= Koryta) Cave, 3 — Kristalnaya (= 
Imeni Maksimovicha) Cave. The species C. tauricus (red diamond): | — Beryu-Teshik (= Partizanskaya) Cave, 2 — Villyaburunskaya 
Cave. The species C. birsteini (blue triangle): Mramornaya Cave. The species C. turbanovi (blue star): Tuakskaya (= Ful-Koba) Cave. 

Kapra. Pacnupocrpauenue BCeX NATH H3BeCTHBIX 2H/IeMHUHBIX TpOIJOÓHOHTHBIX BH/IOB MHOTOHOXEK-MHNJIONOM Ha KpbrmwckoM 
royocrpose. Bug Syrioiulus kovali (Gxexrbiit KBaypat): 1 — nenrepa Manrynckas I (= MK-1), 2 — nenmepa Mamyt-Yoxpax, 3 — neurepa 
Cxerckas, 4 — nemepa JIpyxóa, 5 — nemepa Asauriopa. Bug Caucasodesmus svetlanae (3eneubiii kpyr): 1 — nemepa Ckezsckas, 2 — 
nenrepa Kysnernosa (= Kopnsrra), 3 — neurepa Kpuctambuas (= um. Makcuwonuua). Bug C. tauricus (kpacubrií pom6): 1 — nenrepa Bepo- 
Teu (= Iaprusanckas), 2 — nemepa Buiaóypyncxas. Bug C. birsteini (cumul rpeyronubuuk): nemepa Mpamopuas. Bug C. turbanovi 


(rozyó6as 3Be371a): nenrepa Tyaxcxas (= cbyn-Ko6a). 


Fig. 3. Live picture of Caucasodesmus birsteini Golovatch, Turbanov et VandenSpiegel, 2017, C^ from the Mramornaya Cave. 
Puc. 3. Hpwkusnennas iororpadus Caucasodesmus birsteini Golovatch, Turbanov et VandenSpiegel, 2017, C us rienteper Mpawopnas. 


Turbanov et al., 2016] which lies very close to the Villyabu- 
runskaya Cave, the locus typicus [Golovatch, 2011]. All 
samples of C. tauricus stem from caves (Map) located at the 
periphery of the Malyi Babulgan area’s montane depression 
at the northwestern edge of the central part of the Ai-Petri 
Karst Massif (= Ai-Petri Yaila) [Vakhrushev, 2009] which 
are thin or thick, stratified, Tithonian limestones of Jurassic 
age [Amelichev, Matyushkin, 2011]. 


Among all four presently known Crimean species of 
Caucasodesmus, each is confined to caves in its own karst 
or part of a karst. Thus, C. turbanovi Golovatch et Vanden- 
Spiegel, 2015 occurs solely in the Karabi Karst Massif (= 
Karabi Yaila), both C. svetlanae and C. tauricus, although 
inhabiting different caves in the same, largest Ai-Petri Karst 
Massif (= Ai-Petri Yaila), are restricted to its south- and 
northwestern parts, respectively, whereas C. birsteini Golo- 
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Fig. 4. SEM micrographs to show structural details of Caucasodesmus tauricus Golovatch, 2011, C^ from the Beryu-Teshik (= 
Partizanskaya) Cave: A, D, G — anterior part of body, lateral, ventral and dorsal views, respectively; B, E, H — midbody segments, lateral, 
ventral and dorsal views, respectively; C, F, I — posterior part of body, lateral, ventral and dorsal views, respectively; J — head, ventral 
view; K — midbody poriferous paratergum, lateral view; L — texture of tegument, dorsal view. Scale bars: 0.1 mm (A-J), 0.05 mm (K), 
0.02 mm (L). 

Puc. 4. SEM-muxporpadun, nokasbmaronue crpykrypHbre eta crpoeuus Caucasodesmus tauricus Golovatch, 2011, C^ ws 
nemepbr bepro-Teumik (= Ilaprusanckas): A, D, G — mnepejunuss uacrb Tesla, COOTBeTCTBeHHO cÓoky, cuuy M cBepxy; B, E, H — 
CDpeJIHeTyJIOBHIIHbIe CeTrMeHTHL, COOTBeTCTBeHHO CÓOKy, CHH3y H cBepxy; C, F, I — 3aquaa uacrb Tea, coorBercrBeHHo COOKY, CHH3y H 
cBepxy; J — rouona, cHu3y; K — cpeymeryzonunurnit necyniit nopy napareprur, cOoxy; L — rekcrypa nokpoBoB, cBepxy. Macurraó: 
0,1 MM (A-J), 0,05 mm (K), 0,02 mm (L). 


vatch, Turbanov et VandenSpiegel, 2017 (Fig. 3) populates ancestor during Pleistocene glacial and/or interglacial phas- 
a cave in the Tshatyr-Dagh Karst Massif (= Tshatyr-Dagh es along with the formation and isolation of the karst massifs 
Yaila) [cf. Golovatch et al., 2017]. of Montane Crimea. Such a viewpoint agrees well with the 

Allopatric speciation in Caucasodesmus (Map) could known evidence derived from the geological evolution and 
have occurred from the same Crimean epi- or endogean age of Crimea’s karst [Muratov, Nikolaev, 1940; Muratov, 
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Fig. 5. SEM micrographs to show structural details of the gonopods of Caucasodesmus tauricus Golovatch, 2011, C^ from the the 
Beryu-Teshik (= Partizanskaya) Cave: A, B — both gonopods in situ, ventral and ventrocaudal views, respectively; C, D — left gonopod, 
ventral and mesal views, respectively. Scale bars: 0.1 mm (A, B), 0.05 mm (C, D). 

Puc. 5. SEM-muxporpaduu, nokaspiBaronise crpykrypHble METAM crpoeuus ronorno/tioB Caucasodesmus tauricus Golovatch, 2011, 
Cf n3 nemepsi Bepro-Temmux (= Haprusanckas): A, B — o6a rononoga Ha Mecre, COOTBeTCTBeHHO CHH3y H O/IHOBDeMeHHO CHH3y H C34JIH; 
C, D — nesplii ronoriojt, coorBercrBeHHOo CHH3y H u3gyrpu. Macurraó: 0,1 mM (A, B), 0,05 mm (C, D). 


1960; Dublyansky, 1977; Vakhrushev, 2001, 2010] and sug- 
gests a Pleistocene age of its present-day troglobiont fauna 
[Prokopov, Turbanov, 2017]. 


Syrioiulus kovali (Golovatch, 2008), comb.n. 
Figs 6, 7. 


Amblyiulus kovali Golovatch, 2008: 103 (original description). 

Amblyiulus kovali — Golovatch, VandenSpiegel, 2015: 1 (mere 
mention); Turbanov ef al., 2016: 1291 (listing, fig. 8); Golovatch 
et al., 2017: 107, 110 (new records, listing and descriptive notes on 
morphological variation); Turbanov, 2018a: 264 (notes on ecology 
and conservation). 


MATERIAL. 2 d'Q, Crimea, Bakhchisaray Distr., above 
Khodzhi-Sala Village, steep escarpment of Baba-Dagh Plateau 
(= Mangup-Kale Gorodishche), Mangupskaya I (= MK-1) Cave, 
28.IV.2017; 1 C^, 1 2, same cave, 3.V.2018, all leg. LS. Turbanov. 

REMARKS. This is the most widespread diplopod among 
Crimea's presumed endemic troglobites (Map). The above 
new samples represent a new record, show only minor mor- 
phological variations (Figs 6, 7) and confirm the species 
identity. 

Following a recent redefinition of Amblyiulus Silvestri, 
1896 vs. Syrioiulus Verhoeff, 1914 by Golovatch [2018], 
because kovali lacks a third, rod-shaped branch on the 
opisthomere so characteristic of Amblyiulus, this species 
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Fig. 6. Live picture of Syrioiulus kovali (Golovatch, 2008), C^ from the Mangupskaya I (= MK-1) Cave. 
Puc. 6. Hpwxusnennas dororpadus Syrioiulus kovali (Golovatch, 2008), C^ us nemepsı Manrynckas I (= MK-1). 


must be transferred, like most if not all other ex-Amblyiulus 
from the Caucasus, Anatolia and Iran, to Syrioiulus. This 
results in the following new combination: Syrioiulus kovali 
(Golovatch, 2008), comb.n. ex Amblyiulus Silvestri, 1896. 


Discussion 


According to the karst and geomorphological re- 
gionalization of the Crimean Peninsula [Vakhrushev, 
2009], all known records of S. kovali (Map) are re- 
stricted to three closely located karst regions of south- 
western Crimea which are distinguished by their litho- 
stratigraphic, hydrological and orographic features. 
Thus, the caves Skelskaya, Druzhba and Avantyura are 
situated either in the western or the northeastern part of 
the Ai-Petri Karst Massif (= Ai-Petri Yaila), whereas 
the Mamut-Tshokrak Cave is in the Baydarsko-Balak- 
lavsky Karst Massif (7 Baydarskaya Yaila). These two 
massifs belong to the Montane Crimean Karst Region, 
in contrast to the Mangupskaya I Cave (= MK-1) which 
lies within the Bakhchisaray Karst Massif of the Foot- 
hill Crimean Karst Region [Vakhrushev, 2009], more 
specifically, in the southeastern part of the Baba-Dagh 
(7 Mangup) Outlier Massif inside Danish bryozoan 


limestones overlying Maastrichitian, Cretaceous silt- 
stones [Klimchouk et al., 2013]. 

The above reports of S. kovali from the Man- 
gupskaya I Cave, coupled with the still unpublished 
records of yet unidentified, but apparently troglobitic 
Campodeidae and Oniscidea from the same cave, pro- 
vide the first reliable evidence for the presence of 
troglomophic invertebrates in Foothill Crimea's caves. 
The distribution of S. kovali (Map) which covers two 
presently disconnected karst regions is definitely root- 
ed in the geological history of Crimea. In the Plio- to 
early Pleistocene, along with the denudation of the 
Montane Crimean Karst Region (7 Main Ridge) from a 
Cretaceous to Palaeogene cover [Vakhrushev, 2001; 
Lysenko, 2002] and the orographic isolation of a Foot- 
hill Crimean Karst Region (both Inner and Outer ridg- 
es) [Vakhrushev, 2001; Klimchouk et al., 2013] during 
the middle to late Pleistocene, the ancestor of S. kovali 
could have moved to cavernicoly. Unlike that of the 
Crimean Caucasodesmus which, due to a series of 
vicariance events, has since formed several allopatric 
species, S. kovali seems to have remained not too mark- 
edly differentiated, although this is still to be verified 
using not only morphological, but also molecular evi- 


208 LS. Turbanov et al. 


Fig. 7. SEM micrographs to show structural details of Syrioiulus kovali (Golovatch, 2008), O^ from the Mangupskaya I (= MK-1) 
Cave: A, D — anterior part of body, lateral and ventral views, respectively; B — midbody segments, lateral view; C, E — posterior part of 
body, lateral and ventral views, respectively; F — midbody metazonum, lateral view; G — cross-section of a midbody segment, caudal 
view; H, I — leg-pair 1, oral and ventral views, respectively; J — gonopods in situ, lateral view; K-M — both gonopods, oral, caudal and 
sublateral views, respectively; N — posterior gonopod, mesal view. Scale bars: 0.2 mm (A-C, E, G), 0.1 mm (D, F, K-N), 0.05 mm (H-J). 
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dence. It is also possible that S. kovali is not a special- 
ized troglobite, but rather a geobiont or MSS-dweller 
which, like the numerous congeners across the Cauca- 
sus and elsewhere in the eastern Mediterranean (SG, 
personal observations) that seem to represent geobites, 
has successfully penetrated quite a few caves in south- 
western Crimea. 

Ectoparasitic fungi Troglomyces manfrediae 
S. Colla (Colla, 1932) (Laboulbeniales, Ascomycota) 
have been revealed on S. kovali collected from the 
Skelskaya Cave [Santamaria et al., 2018]. 
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Puc. 7. SEM-muxporpadun, nokasbiBaroume cTpyKTypHble meram crpoenua Syrioiulus kovali (Golovatch, 2008), C^ ws nentepbr 
Mauryncxaa I (= MK-1): A, D — nepeguas uacrb Tella, COOoTBeTCTBeHHO COoKy H cuu3y; B — cpeqHeTyOBMIIHBIe CerMeHTEI, COoKy; C, E — 
3aJHS4 YaCTb Tesla, coorBeTcTBeHHO cÓoky M cuusy; F — cpeqHeTyNOBHMUIHBIM MerasoHur, cOoky; G — monepeuunnt paspe3 uepe3 
cpezHerymoBHnIHbi cerMeHT, c3aqu; H, I — napa Hor l, coorBercrBeHHO cmepe; H cHH3y; J — ronHorytibr, cóoky; K-M — o6a 
TOHOIIO/Ià, COOTBETCTBEHHO CIIepe/IH, c3a/IH H rrouuM cóoky; N — 3aaiHuií roHonog, u3ayrpu. Macrrraó: 0,2 MM (A-C, E, G), 0,1 mm (D, F, 


K-N), 0,05 mm (H-J). 


